We clarified the taxonomic position of Pseudomonus per$ectomarina ZoBell in the species Pseudomonas stutzen'. Both genotypic and phenotypic observations led us to conclude that this strain belongs to genomovar 2 of P. stutzeri, for which strain ATCC 17591 is the reference strain. The uncertainty about the motility of strain ZoBell was also clarified. We found that strain ZoBell is motile by means of one polarly inserted flagellum.
ZoBell was also clarified. We found that strain ZoBell is motile by means of one polarly inserted flagellum.
Strain ZoBell (= ATCC 14405) is a member of the species Pseudomonas stutzeri and among all of the pseudomonads is the strain for which the process of denitrification has been studied best (19) . P. stutzeri is also especially interesting because of its ecological features, such as degradation of environmental pollutants and natural transformation (3, 6, 9, 10, 15) . P. stutzeri ZoBell was isolated as a marine bacterium and was described by ZoBell and Upham in 1944 as "Pseudomonas perf'ectomarinus'' (18) ; later, this organism became the only member of the species Pseudomonas perf'ectomarina (4). This strain was given species status because its phenotypic description did not warrant placement with rRNA-DNA homology group I Pseudomonas species; among all of its characteristics, its lack of flagellation was emphasized (4) . It has recently been proposed that P. perf'ectomarina should be transferred to P. stutzeri because (of the consistent agreement of the phenotypic features of these organisms. However, genotypically, P. perf'ectomarh a was on the borderline of the range of DNA-DNA homology values with the type strain to be placed in the :same species (5).
Our previous taxonomic studies on P. stutzeri revealed ithat the strains of this species are clustered in at least seven genomic groups that are easily distinguishable by their G+C contents and that these taxa might constitute different species (12) . However, we could not find any phenotypic characteristic that discriminates among the genomic groups, ilnd since phenotypic properties are essential for species definition (17), we designated each of the genomic groups as a genomovar (12) . Immunologic and chemotaxonomic data also confirmed the high degree of genomovar phenotypic heterogeneity ( 13).
Palleroni et al. (11) were the first authors to state that P. stutzeri might contain more than a single species on the basis of the low levels of DNA-DNA homology among their strains. This was confirmed by our characterization of the genomic structure of the species with genomovars (12) . ' When P. perfectomarina was transferred to P. stutzeri, low levels of DNA-DNA homology with the type strain, ATCC 1.7588 (60%), and strain DSM 50227 (61%) were observed (5) . If the genomovar subdivision of the species is used, this observation means that strain ZoBell does not belong to genomovar 1 (which contains the type strain) or genomovar * Corresponding author. 3 (for which DSM 50227 is the reference strain), but rather belongs to one of the five other genomovars.
Genotypic studies. We performed DNA-DNA hybridization experiments with strain ZoBell to clarify its exact taxonomic position in P. stutzeri. Table 1 shows all of the microorganisms used in this study together with the DNA-DNA homology results obtained. Total DNA was isolated as described by Lind and Ursing (8) . DNA was labeled with '''1 by the method described by Selin et al. (14) . DNA-DNA hybridization was performed by using the quantitative filter method of Tjernberg et al. (16) . The differences between repeated determinations of differences in melting temperatures (AT,) ranged from 0.1 to 0.7"C, and the pooled standard deviation was 0.43"C.
Our hybridization results (Table 1) showed that strain ZoBell has a AT, of 8.0"C with strain ATCC 17594 (genomovar 1) and a AT, of 5.9"C with strain DSM 50227 (genomovar 3). These results correspond to approximately 60 to 65% DNA relatedness (7) and are in agreement with previously reported data (5). However, strain ZoBell had a ATm of 0.6"C with the reference strain of genomovar 2, ATCC 17591. This high degree of DNA-DNA homology with ATCC 17591 clearly places strain ZoBell in genomovar 2 of P. stutzeri. The DNA-DNA homology values with the reference strains of the other P. stutzeri genomovars and with the Pseudomonas mendocina and Pseudomonas aeruginosa type strains were practically identical to those observed previously when strain ATCC 17591 was labeled in hybridization assays (12) .
In the first description of P. perfectomarina, Baumann et al. (4) calculated a G+C content of 62 mol% for strain
ZoBell. This observation is in agreement with the placement of strain ZoBell in P. stutzeri genomovar 2, for which the mean G+C content is 61.5 mol% (12) .
Phenotypic analysis. Biochemical tests were performed as previously described (12) . We analyzed those phenotypic features previously shown to give the best discrimination among genomovars (12) . Our results are shown in Table 2 . Like all of the strains belonging to genomovar 2, strain ZoBell was able to grow on ethylene glycol and D-malate as sole carbon and energy sources and was not able to grow at 42°C and pH 6; it also was not able to use xylose and 4-aminobutyrate as sole carbon and energy sources. However, in contrast to all other strains belonging to genomovar 2, strain %Bell was not able to use mannitol, in agreement with previously published observations (5) . Like most of the genomovar 2 strains, strain ZoBell was able to grow with fructose and not able to grow with suberate as sole carbon and energy sources. All of these phenotypic observations except for the use of mannitol supported the placement of strain ZoBell in genomovar 2 when the reduced set of metabolic tests was used.
When we analyzed the phenotypic observations reported previously (4, 5), we also noted that the majority of the phenotypic traits observed for strain ZoBell were consistent with the overall phenotype of the four strains previously assigned to P. stutzeri genomovar 2 (12). Only the abovementioned inability to grow on mannitol and the inability to grow on L-isoleucine did not agree with the results observed for all of the other genomovar 2 strains, supporting the idea that phenotypic heterogeneity may be increased when new strains are assigned to any of the genomovars.
Antigenic relatedness. Antigenic relatedness between P. stutzeri strains was previously studied by the antigenic fingerprinting method, and we demonstrated that specificity of the polyclonal antisera obtained against whole cells was mainly determined by the lipopolysaccharide type of the cells (13) . Antigenic relatedness was detected between strains belonging to the same genomovar, but only when the strains had been isolated from similar habitats (13) . No immunological cross-reactions between strains ZoBell and ATCC 17591 were observed in immunofluorescence tests when antiserum against whole cells of strain ATCC 17591 was used with the polyclonal antibody S-probe. This result is consistent with previous observations, because strain ZoBell is of marine origin and the rest of the genomovar 2 strains belonging to the same serological group are clinical isolates.
Motility studies. One of the most important phenotypic traits which resulted in strain ZoBell becoming the single member of the species P. perfectomarina was the consistent lack of motility (4), although the authors who first described this strain (18) stated that it was motile. When strain ZoBell was transferred to P. stutzeri, no flagella were detected; however, the authors presented indirect evidence that it was motile (swarming on moist plates) (5). We performed an enrichment for flagellated bacteria on semisolid tryptone agar medium (3.5 g of agar per liter) incubated at 30°C by using the swarming plate method (1, 2) . Motility was observed with a Zeiss Axiophot phase-contrast optic microscope, and electron microscopy was performed by negatively staining a preparation with 1% phosphotungstic acid; the cells were visualized with a Hitachi model H600 transmission electron microscope by using Formvar grids.
After three passages onto fresh media we were able to obtain an enriched population containing more than 80% flagellated cells. Figure 1 shows an electron micrograph of a flagellated cell of strain ZoBell. The cells of this revertant strain are motile by means of one polarly inserted flagellum. These observations indicate that although strain ZoBell cells are clearly flagellated, nonmotile cells may have been selected in the laboratory.
In conclusion, all of our results show that strain ZoBell can be assigned to P. stutzeri genomovar 2 on the basis of its high degree of DNA-DNA homology with' the reference strain of this genomic group and its G+C content; also, with minor discrepancies, its phenotype is consistent with the overall genomovar 2 phenotype. Thus, P. pe$ectomarina and P. stutzeri genomovar 2 are synonyms. Uncertainty about motility, an important phenotypic trait of the genus Pseudornonas, has also been observed with strain ZoBell. Recently, Korner also demonstrated that strain ZoBell is motile by means of one polarly inserted flagellum (7a).
The practically identical AT, values observed when strains ATCC 17591 and ZoBell were used as reference strains for hybridization assays confirm the subdivision of the species P. stutzeri into seven genomovars and also confirm that strain ZoBell was properly transferred to P. stutzeri on the basis of its phenotypic features.
Since genomically each of the seven genomovars of P. stutzeri can be considered a different species (17) , further phenotypic studies may definitively allow the subdivision of 1 ' . stutzeri. If this occurs, genomovar 1, with type strain ATCC 17588, should be considered the authentic species P. stutzeri, and strain ZoBell and the four other strains of genomovar 2 should also have definitive and stable species status.
